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(54) NITRIDE SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make good a far-field 
pattern of a laser beam, by forming a light- impermeable 
film on one of the opposed end faces of an active layer 
which are resonance planes, other than the end faces of 
the active layer. ■** 

SOLUTION: On a substrate 1, ah n-layer 201 (n-contact 
layer, n-clad layer etc.), active layer 4, p-layer 202 (p- 
contact layer, p-clad layer etc.), are laminated, a 
reflection mirror 203 is formed on the entire resonance 
plane formed by the cleavage or etching. Further, a 
light-impermeable film 204 adjacent to this mirror 203 is 
formed on the n-layer end face and substrate end face. 
At this time, the film 204 is not formed on the active 
layer end face 113, and a laser beam amplified and 
induced in the active layer 4 is emitted from the end 
face 1 1 3. This improves a far-field pattern of the beam. 
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ttzct zmtL tr zmtwmw u -if 
c mm 2 } m&#ma<w£ti^mLM<oi%wifi n 

[00 0 1 ] 10 

AUGa,. x .,N, O^x. O^Y, x+Y£ 1 ) J: Oft* 

P{b»ftfcJRJ^0J:t>u--- •HPF-tcH?*. 
[0 0 0 2] 

<£>#&*„ 20 
[0003] #Sm**»»fBS««r *B{b«9^«# 
tf*^4Cr. &g#4 1 0nro<Dj@gfi<E>U— If 
36©S«#yB<D oJteftgf t«9¥«# U -If *-?-£g38 0 
r^* P Appl. Lett. 69 (199 

6) 3034, Appl, Phys. Lett. 69 
(1 996) 4.0 5 6ft£0Ci2i&<*4VT:i>*. U— tf# 

^ttBSti*. cct\ *» % «MW£ttB*£*«0 
trci*i#,.»aufg^^<DS^^»®^Wift 30 

T*fc<D#£>* 6 C<^J: , 5ftjfeC0tStSL«:l»±L^Sa* 
*ft±S.-e*fc*>, ±K<Z)^ttl^tf*f«:, fStt/i 

i&fcJB (*??'PB) *«Stt»*-lWf<fc5«:n"Wip«0 

cck^tc^*. ^yfflit *<Dm*mf£T*vm<D 

*r **^«s^.^^fe»b«*aw* u-tf st- 
*. 

[0004] 

[*W^»*UJ:^i-r*aW] 0*>Lft#6. SMSd 

OX** hiL/T^6ntC< 

PHtaa.u PBi*«i©wccwjBsnrc» 

nlilftfbtt^fMa (nffllB) rME&Sft, nffiiJB®® 

^e»saH$n*o ^ft*«:gfb&^#u-if5&T*j& so 
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fifr*»b»*BWB©«»*tt, **l»*?^6JIB«:, 
rgffiS. <PW® (GaN§) FB. S« (V? 

«©IBCctt«»JB*r*©*#^*[HH^**ifai/fc 

««3&J**<kn«IJB«:3liat/ra«^6«-»fctt 
»«ft*c£#:3>ft<. nft»SBffi*>6ttW3*i7T- 
7v-^K^->%SLt. p flia{btt¥3M*B 
(pflHJB) tettStLtefctt* p(MB©flLbBK#flSSft 

PB©wccaBStirc**fflSf*(ofB3ij 

*W©ffl*mr^^ift*B*«:»«L/ pMBttBfr 
6Sfc*fi*ft* e 0*»U pll« t nflBBKtb^Tfrft 

9S^jb***©t. pffliB»a^6»«sn*3i£a7 

n ff JBttffi^ 6 ft**a*IMai , r-* iBBtf & * . 
[0 00 5] PBiffliliOftt^^fc^JC 
ti. *5 9 FB©ffl«r**Wc/h3 < r*c 
*i*# % PBftl!a?*tt©jS*&B»*oBK«: 
iaiWtS. Pfl«B<;fltB?*ltf, * 

5* pBtaiir***^ * pBrt-ca«L/^»ft3e 

JWM*3*ift< &*#/??? FBttB< SBc?n*i 

com &c&t^rt©#£f #tc^ D&#>* c c tfiV* 
fttftitf, ?7-7*-;UK'<£->£+#te&8Fftm 

— ^-pi-rsci^-csr* u-tft-Aa*/j\s< 
sWir*jM«»»^©ass*+^j«jg§^*ci3&i 

[0 00 6 ] *Ct. **?B©BWB, I/-«(07t 

-7 -f-;i/p^*->3&sja«FT % pou-irae 
^»6n*SE{b«**#u— tf3RT*awtr*c ir^ 
* a 

[0 00 7 ] 

T©«^ fc J: r»#* * c £ # r S * . 

( 1 ) sc»«:*ftaiir*sftB»ffi**fiffiir*a{b 
©fiHMMBK^wacc^a^BWJBias nr ft * c 

t * ®m t T * »t*MPVtt u - tf ST. 

( 2 ) fTsa^Jg® OiSteBMBUftoflBStf n ffl IBM 

®r**c<t$:^<»:r*fr§fi ( 1 ) *ct3a©a^b^ 

[ 0 0 0 -8 ] O* 9 , ±ie<DiP < ^ttB^ffi 

tcr*c<i:^r^* e 

[000 9] fi^OTMi^WLtJfe^Sibraft 



3 

7r^r@gl±0C t n{ffJGaNJS2, nHl^vFI 
3. «tt»4. pflH*^* K/B5. RtfpfM=i>**h 
IS 6 SrflifcSa.U ftil® 1 0 1 **raSKBft**tt 
u-1fSR^©a^WKt5Blr**. fSttflS4rtrJS«b 
tofc c «r£t^a£® 1 0 4*>6ftai;*ft*tf. rSffii4 

r*&#p|)UNn 1,0-3 *6Jk*fSftS. coj^fc 
0«*f**E(c^3 < r&3U2*? ? KB 
[00 10) cn^lt, 8E*«U><!:3 

<o^®i o 2scf i o 3^^. ^a****^*© 

CC$f£U<tt. ^fc< ifcnffllBfiHBl 0 2 ({10. * 
«Wfc.4a>>r«**<.K»l*^*nr. n«^7^ KB 

£ s /irskcc sk, r jfttt s arc tr » a g< fc«?¥«#B t 

TN&jjtr. ) n {ffJBSM 1 0 2 *p 

usn*©-?, nfw©ag® i o 2 cc^«#B«ft5*ra 

C £ V 7 r - 7 a - ) V K A * - > CCT S C £ # "C 

tt©«£fr h , n ffiDBtfiffl 10 2 CC JBSS r * 1 
0 5tt4>^ar£t £##£00. S^pfflJWSffil 0 
3 ({IU tf^SBfc&OTM:** vfm^y&U KBte 

COO 1 1 ] 

ori, mm&mm. n^s^ra*. 

r, Ni . a i^t?*^ m<tmmm»<D 
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(0012] **ncc;bl>T:. SJi*<4 
3feB« 2 H#±<Dft«Bfl«: JB« $ tiX h <fc < . $>U < <h 

K % £J@M 10 1 * % rittJliiffi 1 0 4«j^cMBHr* 
10 £n{MGaNB2atfn{»J^? KB 3^<kntoSffcfe 
4£*ttB (nfflJB) HOI 0 2MU*Cx>m9?"j KB 5 
Rtf pffjav** KBBS?<Dpfflja*b^&ttB (pfflS 
B) SSffl.1 p'3T*4. ^a**<D^fi8Sh*tiaK>» 
SKtt, n^aig® i 0 2-C&£, *fenfflJaBffiil 
0 2acfpflUMRB*l 0 3ec3Fa3tB*»J58r*Ci3W 

755, iftie u ?t <fc ^> p iiijaig® i o 3 ttr&xmtj&m 

TZ<D&mmx&K>s E«CpfJPJa«8ffll 0 3j^6©^» 

teibifit>?iPx$>z><ox s vMmmm 1 o 3 ccjj^a^ 

20 JB**JS8btt<rfcJ:^. tfeSLb?gtta«^toa^»ift 
LTr§14JI48® 1 0 4W0ftfiffi^6ttffl$tiS3fe 

nflwaasiu 0 2^e>3ssa?n-s©^<, nnoa 

-KK0«<ft&. KSC, nWJa«Sl0 2(CjH3^T, 

pflpja«ffli-0 3cc^a*M*«jsfcT*i, «fcoaw 

30 

[0013] ^mtmvmmt* wcmmzti-r, ^0 

0AJH±. H$U<tt500-1 0000A 4 ^0^?* 
K«50 0^200 0At*6. COI5ir*5ijfc 

[0014] *»MfiCfeCir U— tf3R^O*!BM«, S 
40 [0 0 1 5] **9!fCAjl»r, fflc^cior*^a{fc 

>^ (R I BE) . «W-Y^n h n >x (E 

cr) . ^^>b:-AX9^>^co^a3&i*o, or 

50 S. «*tf. ^ttJISAWfe«:ti5IJlb/t^§S^8 - 1 7 8 
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[ooi6] ±ig©<^ simmzftfrmmtc^mM 

(0017) ttcX&WlOd^X . ^iicSCD— ^X«M 

[0018] mnfc&mmtem&w<cm>scjxMm(z>m 

KZimMftZ&KtcWBLXtji*). W£«A/4 n 
(A : jft*. n :-JB*r*) O/PSrSSOCfflJi-rSC i 

lff*W©W»m^0rT i 0 1% ZrO„ HfO„ 
Sc'iO,, Y t O,, MgO, A 1,0,. Si,N«, Th 

«W*W£UTS i O,, ThF v LaF,, MgF„ 
L i F, NaF. Na, A 1 F.©|*3(Dd>fc< <tt>— 

BUST* C <fc5c J: 9 -Mt»MmtJMrr« C itfr* 
[0019] $ ft:. &<mm$ftX3 6 0 n m-4 6 0 
JBfi6TSifS*^®H», »«CS i O,. TiO,, Z r 

o, j:9a«?snfcd>&< £*>2«afcU:#&*>MUT 

^•tf€c6fria3®B<Z)Kfbfttt3 6 0 nm— 4 6 

^«W«:fi»IHIJ{»»3nrt*ft'r*Ci*5<c<. $ 
[002 0 ] m^MRttflfef*. */< 9 

vt>^) Oft:&. IS«T^<bl^^^MI»5igUr0 
SE-r*C4fcoJttr**. tottSiO.iZrO^O 
<cSW5<**iSffl«r»fitr*»* % S i O,, ZrO,^ 

x^y^^^SflHB^Br^fiW-iffe. si* 

£t*#^JS{fc^Q$88CC u — U ft:&. 



(4) <|$B§¥ 1 1 -6 8 25 6 

6 

saau jffl/mm»x'<-~*>#isxmim±u. #x 

4 [002 1 ] *ira©-j«fc©JBBr 

mffittfc&otcmmzmftomjmwiwmx&zm 2 

10 ftU-tf^O^ftM^Tn-r. H2« % MS1±K. n 
{MJH2 0 1 (nffllnv** h/S. nffli*^ ? KJW) , 
f£ttH4. pIH»2 0 2 (p{HJn>^^ hii, pfiJj*7 

C 0^ 2 0 3 fcSS'UT n (MJiSSM&tf S&a&MK* 
0 4#»/KS*vcc>£. 1 3«ctt 

tf*^C©TgttJB«ffi 1 1 3*&jBfltfa*l3. *fc, P 

20 n>&i». 

[0022] H2(0<fc^Ccjaiffi^H«:SI«2 
0 3 <t . KIM 2 0 3&C<fc9 ffittHrt 

S*««©IB»* ( r? ) v A/477. 
ttS i 0,/T i O a **)mmZtl2>W& % Si O.Offl 
30 TiO,©JB*f**7i2<!:*-ai. JSSfM 

©WW. A/4 77 1 +A^4 77 2. i^r-2> 0 *fc, S 

WStt, s i o,/T i O a ©j:^tc i tlr&c&ifi 

[0 02 3] b«¥«(fEO««ta£tt 

40 -r^o 

ot»mb«^«*-?©«3B*r«aw^BfiBia (u- 

2, FRftibJB 1 3> nPJ^^n KJ» 1 4&tfn| 

kjb 1 5*6&«. > <t p mmim^mmm 

@1 QSO'pfliJ^^^^ hJS2 0*6*4. ) i(CJ:-D 

so r%tt$n/cSfb»^«»*6*4»ttjai 6«ait/c 
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[0025] ccv. *mim!&<omim!m#m* 

m>H#§lB8*ifcfc©T*-3r % &B©JS8#-H3« 

[0 026] Cfl«JfiJB«8©mk«*aH**Wi5^r 

36GCn{!iJrJ>** KB1 2±CC. *^*£Ri±Bl 
3,.nlB^7v KJS 1 4 RtfnJKilt* <f FB 1 5 tfttB 

^^y^WjhJll 3.(DMBJicaaisnft:nWJa>*^ h 
Bl 2©^®K'r«-tt^ft, ni|3>$^HB12it 

23±Ktt, 7^f-^>f^>^ffl(Dnl^ 
* F«§#*«8*iS. <eLT, n«*3V-< FBI 5± 
Kg{tft4£*ftft6 StSttB 1 6 ifift&L 8 tl, 8 6fc 
SrgttJl 1 6±5C, ♦ty^il7. P«7fc#<Y FB 1 
8. pffl*5 FB I 9&tfp{I*Jn>** FB2 0#g 

«C % P^Jn>^^fJ12 0±CCSpfIiJr2>^^ hJ12 0 30 

pffiM«2 laWBttStl. tt-p* 
«S2 1±«C«. 9^^>f^>^0)p 
(W^'v K«WnS8ti«. ftte, p{fflri>** h®2 
0£p$J2 5? FBI 9<D±$(S£(C«fcor, ^E^fajCC 

h 5 :/«©««> tcfia«c5?ft-r»H8 n w»mw* 

[0 027] <«E1.0> «Ki:0fcttCm*£H&T 
it7T^7* RE ABtSBir&^T-f 
7, *fcf*Jl/ (MgA 1 ,OJ ©J:^^W»tt 

©£tE©ife. S i C (6H, 4H, 3 C^) . Zn 
S, ZnO, GaAs, GaN90¥i»S«[fSl^ 

[002 8 ] (^7T»ll)/<57Tlllft « 

AtfAIN, GaN. AlGaN, InGaNW90 
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[0029] (MZO^v 7rB 1 1 2) m2<DJ*v7 
r®l 1 2« v MB'*?7yBl 1©±&C. MBM?? 

&*»rao % ^7 T |i I* 9 c 

<0^2<D^^V7M \ 1 2{±*5CfiRS8^Snj»3>^ 
*FB1 2J:DbnS^W1W8JS^ftC»B4-r4*». 

^KJiGaNlitSi, ?2©^!;7r®l 12© 
»»tt**S<-fc3. Sfc«F£ L < ttn!WM7> F 
-^CDG a N i«fc*SBtt*im?»t«**(Ws 

FB£$fcii m«±OJBBt? . IS * * '/ T &£<DP-©3 
<B»***Br«fi!{ Lct^i-r^i, n S^F««JiSS© 
**C>B*#ftStt*ifc»*«*S. ^RttW«a<0**n 
/PB©B»««tt*W<.ft4«fil«:*S. c<Dfc#>*£ii 
tt©»»BO±Cc, SttB«©f6<DS{b«J^«*-&fiS6g 
8#r<>, ftft^ittpB^r^ai^ciJciorMf 

ftttCDrft±3Wa«)4lr»..^:C"C. n{IiI=i>**FBl 2 
B*J«« 8 ^«»K#/JN8^ tSfittOfi 

lr«2<DA^77Bl l2-*fiE«dtfeftC£«:<fcg, * 
y »; TtSJS*s*# < IMtt6Al> nfflj=2>* * hB 1 2 
*J«fiS-ttSCi*Jr*4. C<D^2CD^5»7tB1 1 
20IUMS. 0. Um«l 86(CW*l/<tt0. 5 
Mmtll, *fc#*0<ttl umfiLL 2 0mnOTc 
IHH~*C&»SZ*(sl>.' a2©/^77»l 1 2# 
0. UmJ:»)4*l»i, W»att©A*l»ni!3> 
hBl 2«r/9C<^t«81*<t»h«3Q:6r. n«3> 
FB I 2©«flttOifiI±^**0ffl*&c»«ei«:* 
€> a ttc2 OnmJ:0 6VC^ k 92©^7-7ylBU 

2S»eciiSJi^i6^<:3Q:o^r^ i «fiiec**. 

2 ©My 7 tBI 12£»<J«68-&**JjS±1/T; j& 

i^(C s 82©^7 7 7JS1 1 2Tj»*sjE^0^-r < U 
— !f*^©**3Wft±TS. 8 6«CU-1f*©ltn*3W 

K.2W7 7 7B1 i 2rtrjr3&sr>r, ifR^*cigc»u 

— !fjbMW>T<«t«. &*5. "S2(0/<7 7 7ll 12 

[0 03 0] (nffl|3>^^ 1 2) nm^yZVY 
Ml 2ttfi«ffi*^fijcT5=i>3f 9 KB£OTf#rf£ 
BT*0. 0. 2AtmtLh, 4aoaT«C!B8t5Ci 
*«ia*UCi. p. 2*imJ;HiO<!:, ^■cm«S^^ 
flft-T C ©B^Stb8 #-5 <fc ^ Ccx v > ^ h 
€:Mttrr4SCE)^SU< . — J?* 4 tfmJa±«crSik^tt 

KB 1 2©fflk»*»#tc F-^T*nffl^«8j<D 
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fiBttl x l O w /cm , -l x i O'Vcm'coffiH, 
$6.CC^^U<«. lxio 1, /cm , -lxiO l V 

*uc<<ft*<crc\ u-if*^rttL#iifi«a* WE 

**a*© ft oft:*)", *fc*&st4fc® 

<ft*fctf>. -4^M4s»<fte«n<cAft. ftfcn 
hJgi 2<Cfc(,»Ttt % nt!2 3 2 
? *ttMJfite>N$ < t"£fctf>{C, gan{|tfn>** FB 
1 2<Z)*> yr«tt£±tf **«»<D«K£, n{IJ*7 
» FBI 4 £0 W#<«Cijdii$0^ ftte, n 
OPJnV*? N8 1 2WS««CGaN/ S i C. ZnO^ 

Ktt3i>* * FB£ ltm<M 7 7 r B£ CrfES! 

tO 0 3 1] S2©A?7r®l 1 2, RCnM 
FBI 2Oft0ypfj;< #©B* % 

mtrzcthvitz. jm+mtrzt. corneous 

IM&WMMWcfi < ft 0 , U * C » jBWfttffiTT * . » 
&l/<(i&2<D'*?:7rBl 1 2<£9±>&JPrtW,>n®I 

FB 1 2 CE^SCO F^* * :/x*Jl/=F-j&i&ft£SI 

i <D®tm. 2 <Disi #sb ?nt *zim*mm <t l fc 

<0'J>3ftB£SffiSi±rn^®2 3 £7&irr*C 

T i . W % Si, Zn, Sn, I n*<D*H3Sl/ < 

[0 03 2] n«=i>3r^ HJH1 2«rW»«tt 

LDSS^cDl/fr^ffiWE, «8fr*fi<f*C 

ftB<D;frte, £<nfi3ra*F-:0,fcfl*?JKn 

©J^ftHEMT (High-Electoron-M 
obility-Transistor) (CS^O/cff 

^>H^t^AI/h§(,>r>K-^{ (undop 
e) ;&T\ K-^$nr^C*^7> 

-fti,*?) omzvm (ariojB) <b^aisu/tets^ 

ftB®l#££ffc;U F^* v ^x^;u^<D/J>$ft 

b<u<e>/5£ (i oo ha-A) ffi&onmx.^ 
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[00 3 3] (^7^Klhfll 3) tvvmitmi 
3«, S i ^5x 1 O'Vcm 3 K-^Lfcl n 

».iGa*. t Na>6ft9. tfliLfct 500^>^hD- 

#rS£ e ft*>\ C<D*^ ;>*E6±B1 3«:l 0 0tf> 
**hu-A&±. 0. 5 u'mfelTOBW ? Cfl»S-&a 
C<b*i$f$L^ 0 1 0 O^V^X hP-A£9fc?gfc><b 

UiBOJr^Jcir^y^roiiLrftfflLfcX <. 0. 5 
<*mJ:0«>/»t»i, *SSS##ll£?£ffll6JK:&*. ft 
te, C(D^7y *|%±B1 3ti, nM3>»* hJil 2 

FBI 4*ffl»^»£-rS»^K:a«ieiyrfeJ:^. 
[0 03 4] (ni8S^63i5n»7'; FBI 
20 4) nB^79 FB«. *I*«S i£5x l O^/cm' 
F-T'tfcnIA 1 ,.,Ga...N*»6"ft9* 20*>y 

GaN£9ft9> 2 0 *>y* hp~AGDMJI£W**£ 
*2Cf)Bi3W3iS:ccS«3hfciH»?-BJ:.0-ftO. 

Bi 4te**i>rEBt;i* i a!>B> st>*7fc^p^B<bDr 

fftuu ia^Biu/c*§^{c«^rn^>-^<DB4A 

I d?JL<}iAlGa NfclUJftS 

i**C<b#|g$U< . 1 0 0*>^* Fn-A^LL 2 

±. 1 ^mOTrgfcS^^&Citc^^ftWFft^-^'JT 
BBl/ii««>B*«fiSfir**. COnS^7 FBI 4«m 
— <Ofi[{ t»*»»r/afi 3 •& 5 C £ & V % 2> 3&s, ffi^ 
Bif^ci^^^ ? *©fti>*£#itt©J:l>*i> yrfis 
i;i&«>B^*flEr#*. 

[003 5] (n«*^KU5) nfflJt^FBl 
5«. r> F-^GaN*6ft0, 0. I umcomm* 
*tf*, COnflBK^f-f FB6tt. 7SffiB©5fc^-f KB 
il/Tf^fflL. GaN, I nG a N£lim$1±TJ&l$,? 

nu ?6CC^$L<«2 0 0^>^XFn-A-l^m 

FBI 5fejS»^B5C*r*Ci*«r#*. nflW^K 
115, .nl^7vKIl 4$r©tS^-B^T-5>i©^ ® 
«HFB*«J^Sft{b«^W#B<D¥^Wft^^> + 

T^i6^«:«. »l<DSa0W2<DBO5l>ft<it)-* 
*CnS^F««J* F-^UT*J:C»U */cT> F-7T 

50 [003 6] (rittB 1 6 ) fSttB I 6 «\ Wittf , S 



01 

i*8x 1 O^/onT F-^bfcl n 0 .» Ga 0 .»N«fc 
S i £8X l O^/an 1 F-^Cft: I n,. 0l Ga 

?z&mm*#Fim <mqw> r*jjM-*. r&teBi 

6*c*Jl>Ttt> #F», B»BW#«c*W«£F-:/0 

F*> *:7x*jU^-0/J\SC>#>5B 
#FB<fc0fc'O F^v^x^U^-tf'hS^W 
M 4 ttt^B&KKM3ti«. #F 

.B©»3-», 1 00^>^ ha-AJEtT, »*L<tt 

XH3-AJEJT. *?£0<«:l 0 0*>^* ha-AJy 
T, *fc#*L<tt7 0*>^* Fn-AfimcTS. 
[0 0 3 7 ] (pffl^i* y^B 1 7> p{|J*i> ^/i 1 
7tt, fgffill eiOt^K^+y^x*^-^* 
Mg^lxiO'Vci^F-^Ucpf 
A l..,Ga P .,NJ:9&9. 01A.fi. 20 0t>^h 

+ + *7B 1 7ftJB^*££tfffS(A>*s» COtt? 

^«»* F-:/ut* * y 7^i«$n/c i S!<l or 6 

«fct». pIW^t+ y^Hl 7O0t«ttO. .lJimG(T.. $ 
6K#*L<tt5pO*>** Fu-A«T> 

Bl 7<DB/S^» 0. UmJ:!)*^, ttV7# 

ccox^;u^-^yri&Sp^++ ^^ia l 7£ h> 

JC5 0 0 JrlstfZ h P— AJ£JT* <*6K«3 0 0**>^ 
[0 0 3-81* ft:, p<IT** 7*1 1 7«:te. L D3H=- 

£2&!il/*>T< -TS/ctek:, a l (D>li/^#;A:SVA l 

GaN*m>T^JS**C±##*L< % SAlGaN 
tf. VtttfO. 2feLL<£>A 1 TGa,.,Nr*htf5 0 0 

[0 03 9] <pflB36^-f F® 1 8) p FBI 
8tt, K=F* v:/x*;i,¥-#pfflMr+ *:/Bl 7 
iHMK 08Atf. TVF-^GaNJrOfcO. 
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o. i iLm<Dmm.*mtz>. copmjttm fb i 8 

FBI 5 4RIC<GaN, I n G a NtfijtSSttM 
nci^SH^. COHttpffl^^ar FB I 

9*J5R£i*1**BW>^ 9 ^ rlSilttffSU 1 0 0 
>>^FD-A-5am, 2 < tt2 0 0 * 

•3.. FB± l/CfOTT*. C<Dpffifcfc# 

FB«Mg.*©pSS^*8W* K-^t/TpSOite 

*r^C4^rt^ 0 «tt*B4TS»^K:tt*l(DBa 
OW2©B©5>«c< t pS8^*B»* F-^br 

4><n>u *ft-r> K-^rfcat*. 

[004 0] (p.|jr^9FH0=iKfl) pfSJ* 
5* FBI 9tt % W*tf, Mg^lxlO'VcnfK- 
^fcpSA l..,Ga,..NJ:9tt9> 0IA.tt. 20t 
>^ F I OIBi . 0(IAtfMg 

£1 x l O'Von' F-:/Lrcp§SGaN<£Oft9, 2 
0*>y* Fa-A©JW*«**S^©B£#3ffiK 
20 il$nfc@^I^6^5, C<Dpfl!*9* FBI 8 

n{K#5v fbi 4±h&< * + »jthw&«>B£ 

UTffJEU «F*Cp.fflB©«!a**i£TS#Sfc«>0B 

turffifflrs. copib^? fbi Bommbfttc 
t. s6ca7gua*5oo*>^* fo-^i, i 

[0 04 1 ] (p{|J:3>**FB20) p{fj:a>£? h 
B2 0te, pl^7? FBI 90l«C, 0d;Ui. Mg^ 
2xiO i Vcm , K-7 , U/cpSGaN<fc^j:0. 
30 ML 15 0t>^Fn-AOlii^Wt^ fl CCDpI 
hB2 OttpS&D I n x A UGa».,-,N (0 

<te, ±aiO<fc^(CMg^F-7*LfcGaN4T^, 

pms2 i 4^*>»* ot^- ^ 5f fStt^etis. 

A«T. - 3 l<«30 0*>y^ hu-A« 

Tv ^^>»^0<«2 00t>^ hP-A^Ttcpg[ 

?^»Q • c mJi(±fe p ^S(fc«*3W*B<OR/S* 5 
40 0 0^>^xhD-AmT(ci^SS"r^c4K:J:Ox £6 

-SE^T^^). £/cp^Bfr68fc£$ft£*3& 

[0 042]^ *iim P©J3>^^ hB2.0 
tit^lBi-riCifer^S. ©ftT-B4T^^^ 
»(c/OF^+ ^^x^jU^-3&s^j:^1(35B4 
02OB4*S[®b. .^1 r^2+f 1+S2+ • • 
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2 1 vZffl&ifi&htxho p W 1 

CDttftiUTtt, H*.tfNi % Pd, Ni/Au9^f 

{0 04 3 ];Xtc, (3 3fC*VrJ:5K:p^®2 1 n 

^^ti/c^psu^or p$i2 i tmftifitctmz 

tifcp^y FflK2 2 % . Mn«ffi2 3i8ft?n/cn 
F«E2 4jW»8S*i*. CCDp't9 FM2 2K 
*K»<cp««2 i©S!Ha*Etfr, p^fflM* 1 ^ 

-JSnJ<v K«fi2 4ttnWS2 3©M3Wn*l»Jt"r 

[0 04 4] HJhOM W*qKIOTIfc * 1 <DB, & 

jBft^jfr&a, satt©*^pa^7 9 fbi 9*{§ 

p|^7-; Kii 1 QOSCifii^, a«^«jg*w 
Uttl»p-flB>5» FBKJtSHsTlffiJ!^fi.<?*C& 

[0 04 5] *SI»»®©a{bi»¥*ft*^-Ctt 
pS(A UGa 1 . T N*.&&p.lU£'?9 FBI QCC&l/ 

/O F*+ » ^x^'^-O^S 
p{TJ3>3£ FB2 0 <bLT. -ec[)WS*5 0 0*>^ 

<,>&cot; »2o^st7t»i i 2<D±tcmm:$i*z>m 

CO 04 6 ] «cfe. ^HSBBft©LD*^r«I nGa 
N©«fc^tt, 4>ft< £&4>i^A£#tf®fb«J¥3M* 
«ISttM1.6(Cilil.««ftlC|2 1 In x Ga a . x Ni k A 

1 6£»R#*B -(ni^j FBI 4R0 f pfiij£5* 

fb 1 9) 't£xmi*&c±tm±i,t.* m ctucj:-* 

-1f*^S^r&B(C*«ec«nfe3«£MCjM>Bi o 
Oii^^4ci^t*4. <*6K I nGaNi^lO 
teftim<DA l Ga NOJ:5fcA I *£Og{b^&{* 
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*. 

[0047] 4gfcftfctt0<J: 0 «cJt^#F«JS**-r S 
rittB 1 6 *Wf £ D«BS(D*»(*«^<DiS 
^» -econ§14Bl 6frC|gLT, ?£&B1 6J;9£>>'^>F 
*> ^x^;^-^$ii@/50. 1 umVTF&mt 

**tr«t!»*8W*: Jt 0^5p EJ* * ? 7*B 1 7 

^Pi^t-^ll 7<fc«3 4>«ttB^6Kli/cfi 
fiOC, pHUtt^Bl 7 J:0^>f^ 77*1^1/ 
io f-#/hSl»p(ffiifc#4 FMr8£Ktt. ^©pK*' 
FB 1 8 ct 0 4SttB*6«tiyfc{fltK«:. p«**-f 
FB 1 8 «fc t) F*> ? l>«b»¥«Kk 

mrzpm**? fbi 9*«^*c£tt#«cc»*b 

C^o U#>6 pfl+t ? ^B 1 7 F* + *:/x*;i< 

20 [0048] M±o*^&&om<t®tm#&*'c 

^J^i(Brw:n^©iB»^B««ttBl 6^6TOn 
Sffi{btt^«»Bffi« ( n S*Bffl> < 1 1> 1 BW 
LTHUfcKK, £fcp^CDjgte^B&r5&Bl 6*6 
±©pMSlfb«J^«eB«« ( Pill): «C4>&< <h 

{bu, iwaa»^B«pBffli«:jgjK-rs«^w 

+-f 'JTKD^BiL/rcppfffl^^ 9 pB'l 9«C^ 
U ni©KcMt^^iintg2 3#8Lfc«ift£ 
30 AlittC0n3>^f^ FBI 2, J/tli+t 'JTfflG 
&£>£LT<Z>n»5 v FBI 4 <fc LT^J&T-S.C 

[0 04 9] «±Oi:5fiC«ffi3hfcWS»l82CDift 
niCcfcoT. p^fbft^mBffi«(DftB«r$6CC(S 

[ o o 5 o ] HJS^»c»a{b!g5*«»3R^rtt, 

pftUn^^^ F® 1 2 9^®tCN i iAuJjOWrt 

^2 i^j^ F^-r^tc^^n, copSS2iw:^ 

ffJ=J>^^ hl5^i^^I(Cn$@2 3^5ft^TC^ 
^So CO^OiC, S»»tt£«*/BUfci©£p®ffi2 1-<D 
WWCC^^«n*ffi2 3*R^*fltttt % U^C^fl 

[005 i] ^*5. *nftjeartt. y ? f 5 
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too 5 2] z<d&5i<c. ^mmm^c^x, m&r- 
m tt > rz&mzmLT a n «s«wx» p smmcj&A <* 
ti&*+ urnci&iM£i>T<D*5 * fb* i§t&f© 

aW*©W*> F A^-#8ttBJ: *) 

* < 4 & J: 5 fclMT * C &mu 0 C>. 
[0053] 

(ld^) ©ft««.r*o. erFOfWc 

0*Ki6gSWc-fev FU S&rt**&r+#s&t> 
7c«. *Sft£aELfc#6, 1 0 5 0 "C* r 

5io'c$-cTtf> t + yr^(c*«, iitttfxccy 
>*~t (NHj) iTMG ( h im^;u#«;^a) i 

Sffil 0±iCGaNJ:0^^^'-y77ll 1£ 
$)Z 0 0*>*x hn-AflMS/srjflifiS'tt*. 
[0054]^ 7 77il 1 JSfcBft. TMGO*±fe 
T, 1 0 5 0'C*r±#S-ea. 1 0 50XI*Ctt 

o/cfc. raC<H»^(CTMG, 7>*i7WM 
t\ *t yaffil x l O^/crfTV F-^GaNck 

I2^^7ril 1 2 5i I n x A KGa 1 . l ., 
N (0£X. 0£Y, X+Y^ 1) T*«Sr# % *CD& 

Al (Yfil)#0. 1«T<DA l,Ga,.,N. 
t/<tt7>K-^GaNit5. Ul^ 1 050'C 
TTMG. 7>«*-7\ :ffi*»#Xfc:^5>;tfX <S i 
H,) «rffll» v S i ^ 1 x i o 1 Vera 1 K-yo/tn^G 
aN<£D&£nf!i=i>** KH 1'2« 1 ^mOBOTrj* 

[0 055] ^CCC 4 iilt£8 0 OXKl/T. jD^tfXK 

TMG. TMI ( h *m^;W>s^a) % r>*~ 

7, TWft/toCCS/^I/tfX&flilv Si*5xi0" 
/on* F-^Lfe In l . T Ga,.,NJtOM^» *Rf 
ihB 1 3 £5 0 0^>^X h a- AOD^rj&g^tf 

[0 0 5 6 ] -e-UT» M^1 050*C(COt. TMA 
( h V J *'JU7 $ ~«5A) . TMG, 7>*:-7, f> 
^>#X£flH>. S i^5xi 0"/arf F-^Lfcn 
MA U.,Ga„..NJ:9&*miCDS£2 0*>^X F 

«>, r>F-^GaNJ:0^-6m2CDS*20^>i/X 
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hD-~A©JSJsrfi£S3#*, ^ur v co»f¥«ti 

0fr*nfflJ*7:y FJB 1 4*fi8ft<*#*. 
[0 05 7] ttt,»T, i 0 5 0"Crr>F>-yGaN<fc 
9fc£n©bfc;tf>f KB 1 5£0. ! MnKDJg/refiESS 
&*C. TMG. TMI, 7>*~7, *>^>#X 
£flH>r?£1$B.i 6*J&g<*t>-£. r§ffiS 1 6&igfi£ 
SOO-CtC^L/T. £t* S i ?&8x l 0 l- /cm"CK 
— *?btc I n,,,Ga 0 .,NJ:D^§#Fli5:.2 5^">^ 
10 X hn-A<Dja/l^$£3i±£ 0 *tCTM I Otfrtk*: 

K-^Gfc I n,.„Ga,. M N<fc0ft4l*S)l*50* 
>^ha-A<OHI»-CjaESS-&-B. C©»f¥*2@» 
•3 S U , «»Cc#FB'&SUI U fct&RR 1 7 5 * > *X 
Fa-A<D£ffig^#F8ftg (MQW) OiSttH-1 6£ 

[005 8 ] 1 0 5 0-"CtG±W. UtttfX 

(CTMG % T.MA, 7>ti7, WW^fcCp.M 

20 @Jrf3 4^>F4 f + »^x*iU*-*i*#< . Mg*l 
x l O'Vcm 1 F-^LfcpfiA I .;,Ga..,NJ:0.ft 
SpflW* + ^^flil 7^:3 p 0^>^X ho-ACDffiiS 
rjKS34& ttl^T, 1 050'Cr, /OF^t-^' 
x*;U=F-#pffliJ** v^lBl 7 J:0«>/bS^ T> F 
-^GaNctO^Sp»J*^-f FBI 8*0. 1 Mm© 

[0 05 9] iS^r. TMG, TMA, T>-t^T. C 
P,Mg€:fflC\ 1 0 50 , CtMg5:lxiO IO /an , F 
-^Ifcp^A l o ..Ga, ti NJ:0«c*»H ©IB*2 0 
30 *>^X ha-A<DSJir^$^ ttt»TTMAO* 
«r±ft. Mgr4 1 x 1 ©"/on 1 F-^OfcpIGa.N 

9*fl5)5fcT*. «»«:. 1 0 5 0-CT. pflt^7 9FJI 
19©±(C, Mg^2xiO , Vcii , K-^l/fcpMG 
aNJ:«9^^pflija>^^ HIS2 0* 1 5 0*><!/Z h 

[0 0 6 0] jsjs»7«, ias^MM^rrtf. $ecc 
40 S^#ffi^* % ^^-^^SfD^Sf^tcfec^r. 700 

•cry^-';>^£m\ pSB*3^«cfiataftj- 

0. ElSCC^-rj:^^:. R I ESStCj:^g±^<Dpf|il 
3>i>^hB20i % pi^7? Ffai9i?:x^> 

a. 

[0 0 6 1 ] ^^®tC-7^^*jf|$fi£L/, H36C 

Or. nmp>2? FBI 2CD^®*SHj$-tf-^>. 
50 [0 0 6 2] ^KlpfliJnV** 0©^ b?<4v'V 
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9i?«Slffi(DK«£BfcN i £Au«=fc«3&Sp^&2 1 
[0063]» k 03K:7n*r<£5fCpmffi2 1 <t, n 

SS23 ioraccKmo/cm^^^oo^tcs i 

>tpt|2-14«ttj«:a»lfcp^? FM2-2. 
SO'n^7 FSSS2 4WtS. «±©J:5CCUr, 

[0064 1 Sti&HSffiL * 7 :/ UT. 

*Y v 4 ^tt©«fi«:sa[^[qir^-tt«:f?ra U ft 

B§®KSa®*fmT*. H2fl!><fc5K:2«6ffiaHcS i 

O, (B*f*ttl. 4 5) 4TiO, (MSf*»2. 5 

8 ) £QttMMB*#MI (SMR) *&J¥0. 1 0 9 20 

Xhrv*££OT®2(£J:5CCnfflj;§fflM (rfc*?^ K 

■ft£*^WMW5 0 0 A*C»JffiU ZO&lsitZ h 

"(»«ifc- F^>*£#j^LfcttlB> Tb-F^> 

t\ aaru-tf»»*K*feic--5, meteor. 

j*4'0 0nm. 0*U««»SK2. 9kA/cm\ 30 

U~tf#<D*# v F# 1 or* 0 fc m— FrSbfett 

[0 08 5] ['SI*S«2] SB»«l«:fe(,>r. »20^ 

1 2£S i £1 X 1 O^/crf K-^UcnfGaN# 
— "C2 tfin'dUd'tt. ntfj*^* FJB1 4&S i £1 x 
lO'Von'iK-^LfcnlA 1 . . , G a, . ■ NiH-T 
0. 4 umJ86fiSl*\ pfU^^ * FJS 1 9£Mg£ 1 x 
1 0 ,0 /V K-^U/cpMA l,.,Ga,.,N#-r0. 40 
4/imfi£g£i±: 3 6tC p dd=i> 3?^ hfI2 04Mg^ 
2X 1 0' ,0 /cin' F-^L)Tci-©pMGaN^3 0 0 

2S&3. 2 k A/cnf, L*t»ffifBEE4 . .6 VT. 7t 

cooes] [m&ms] mmm i tc*5{,>x . *m%m 
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£A l *>6&&f»91 0 0 0 A©«i.-r*to4J5ft|f(l 

[00 6 8 ] [MM5'] Xftfflitcjsi*?, *»#J1 

<DJ^/S£7 0 0 At-fZmtnJfcWl i^COTU- 
[0 06 9] [JtRMl 3 JBkMl<c*l>?. «a®<D 

[007 0] 

-if*© vr — y 4 — ;i> F * - ^JMWWSFt, i£— 

*- F©U-tf3W»6*i&B««rt^U-1f«*t 

[01 ] ^^^m^m^mm^tix^^m 

[03] *»M«c«*o-ias*flir*6ftaffl«:»c 

1 ■ • • • fifi 

2 • • • • nIGaNi 

3 • • • • n<ffl£^ v FIB 

4 • • ■ rSttn 

5 • • • • p<M*9? F/i- 

6 • • • • p{|J:3>*>> h@ 

101 fta® 

102 nmmt&m 

i o 3 • ■ • ■ vmrntm 
io4, 1 1 3 • • • -rmmi%m 

2 0 1 • • • • nM 
2 0 2 pfflrj/s 

203 

2 0 4, 2 0 5 • • ■ • ^ifcftm 
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